To identify possible vectors of Schmallenberg virus (SBV), we tested pools containing heads of biting midges (Culicoides) that were caught during the summer and early autumn of 2011 at several places in Belgium by real time RT-PCR. Pools of heads originating from following species: C. obsoletus complex, C. dewulfi and C. chiopterus were found positive, strongly indicating that these species are relevant vectors for SBV.
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Introduction:
In November 2011, a new virus was identified by researchers from the Friedrich Loeffler Institute (FLI, Germany) that had caused milk drop, diarrhea and fever in adult cattle during the summer of 2011 in Germany and the Netherlands (Hoffmann et al, 2012) and later was shown to be involved in congenital malformations in lambs, calves and goat kids (Herder et al, 2012 ; Van den Brom et al, 2012) . The virus was named Schmallenberg virus (SBV) and belongs to the Simbu serogroup of Orthobunyaviruses. The presence of SBV has in the meantime also been confirmed in the Netherlands, Belgium, United Kingdom, France, Luxembourg, Italy and Spain. The rapid and wide expansion of SBV, together with the knowledge that related viruses like Akabane and Aino virus are spread by midges and mosquitoes (Al-Busaidy and Mellor, 1991; Bryant et al, 2005; St George et al, 1978; Yanase et al, 2005) , led to the hypothesis that also SBV might be spread by these vectors. We analyzed pools of midges caught in Belgium to identify putative local vectors for SBV.
Material and Methods:
Culicoides trapping and morphological identification:
The analyzed Culicoides were caught at 9 different locations in Belgium. Seven are located in the region of Antwerp (Berlaar, Eindhout, Kessel, Nijlen, Olen, Varendonk, Betekom) and 2 in the region of Luik (Boncelles, Bettincourt) ( Figure 1 ). All are situated in the neighborhood of sheep and cattle farms where the presence of SBV was confirmed. Culicoides were caught using an 'Onderstepoort Veterinary Institute' (OVI) trap (Venter et al, 2009 ). Traps were deployed for one night each 2 weeks in July, August and September and one night each week in October. Attracted insects were trapped in a container containing 60% ethanol. The biting midges were morphologically identified at species level under the microscope using the key of Delécolle (Delécolle, 1985) and further stored in 80% ethanol. C. obsoletus sensu strictu (C.obsoletus s.s.) and C. scoticus caught in the region of Antwerp were identified at species level while for the Culicoides caught in the region of Luik both species were grouped together in the C. obsoletus complex. After the midges were identified, pools of maximum 25 heads of parous females without signs of a recent blood meal were prepared.
rRT-PCR analysis of pools of Culicoides:
Pools containing heads of Culicoides were analyzed by real-time reverse transcription PCR (rRT-PCR). Therefore each pool was homogenized in 500 µl Trizol (Life Technologies) with a 5mm steel bead (Qiagen) by high speed shaking (3 min, 25 Hz) in a TissueLyser (Qiagen).
After phase separation following manufacturer instructions, total RNA in the aqueous phase was extracted using the MagMAX Total Nucleic Acid Isolation kit and the MagMAX Express-24 purification system (Life Technologies). RNA was eluted in 90 µl elution buffer.
In each series of 12 homogenizations and RNA extractions, a negative control was included to monitor possible SBV contamination. RNA extracts were analyzed by using the AgPath-ID
One
Step RT-PCR kit (Life Technologies) in a duplex rRT-PCR combining a SBV rRT-PCR detecting the S segment (Bilk et al, 2012 ) with a pan-Culicoides assay detecting the 18S rRNA (Vanbinst et al, 2009 ) as an internal control for RNA extraction and amplification. To confirm positive SBV rRT-PCR results, the RNA was subjected to another SBV rRT-PCR detecting the L segment (forward primer: 5'-TTGCCGTTTGATTTTGAAGTTGTG-3'; reverse primer: 5'-TCAGGGATCGCAAATTAAAGAACC-3'; probe: FAM-5'-TCATCCGTGCTGACCCTCTGCGAG-3'-BHQ1; primers and probe sequences werekindly provided by FLI, Germany). Briefly, a master mix consisting of 2,5 µl RNase-free water, 12,5µl 2x RT-PCR buffer, 1,0µl 25x RT-PCR enzyme mix, 2µl SBV-specific primer-probemix (10µM SBV-specific primers + 2µM SBV specific probes) and 2 µl IC-specific primer-probe-mix (10µM 18S rRNA specific primers + 2 µM 18S rRNA specific probe) for one reaction was prepared and 5 µl RNA template was added. For amplification the following temperature profile was used: 10 min at 45°C (reverse transcription), 10 min 95°C
(inactivation reverse transcriptase/activation Taq polymerase), followed by 40 cycles of 15s at 95°C (denaturation) and 45s at 60°C (annealing and elongation). 
Eindhout (51,08618°N;
Berlaar (51,11861°N; 4,66571°E).
Results and Discussion:
Among the 134 and 44 pools of heads of parous females caught respectively in the region of Antwerp and Luik (Figure 1 ; Table 1a and Table 2a ) that were tested for the presence of SBV, 12 pools (5 from the region of Antwerp and 7 from the region of Luik) were found positive in the rRT-PCR detecting the S segment with Ct values varying from 28 to 38 (Table 1b and   Table 2b ). These positive pools consisted of C. obsoletus complex, C. obsoletus s.s., C.
dewulfi, C. chiopterus and C. pulicaris. For all species except C. pulicaris, at least one pool was also positive in the rRT-PCR detecting the L segment that was performed to confirm the positive status of the pools (Table 1b and Table 2b ). The pools with a Ct value of above 35 in the rRT-PCR detecting the S segment that were not confirmed with the rRT-PCR detecting the L segment likely represent low SBV positive pools since all negative controls were continuously negative for SBV and the internal control sequences. The lower sensitivity of the rRT-PCR detecting the L segment in comparison to the rRT-PCR detecting the S segment probably explains why these pools were not confirmed for the L segment and therefor suggest that the rRT-PCR detecting the L segment is not suitable to confirm weak positive pools of Culicoides. It seems however appropriate that further evidence needs to be obtained before C.
pulicaris can be considered as a putative vector for SBV since for the moment only one pool of this species showed a positive signal in the rRT-PCR detecting the S segment with a high Ct value of 37,9 which could not be confirmed by the rRT-PCR detecting the L segment (Table 1b) .
The finding that pools of C.obsoletus complex, C. obsoletus s.s, C. dewulfi and C. chiopterus species were positive for SBV is a strong indication that these species can play an active role in the transmission and spread of SBV. This is further strengthened by the fact that the examined pools consisted exclusively of heads, suggesting that these midges act as real amplification vectors since the virus has reached their salivary glands and were not simply 
